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Abstract 
In this study, the manual hydraulic press was designed to prepare the holey briquettes from selected biomass wastes. 
Each biomass was sun dried and milled into the smaller particle size before mixing with 20wt% of palm fiber, and 
molasse was used as the binder. The effects of applied pressure levels of 40, 50, 60 and 70 kg/cm2 and of the binder 
amount on the density, calorific heating value and burning rate of the prepared briquettes were investigated. Results 
showed that briquettes have the average inside diameter, average outside diameter and height of 12, 38 and 25-30 
mm, respectively. The density of the briquettes increased with the increasing of applied pressure, was in the range of 
260-416 kg/m3. The most densified briquettes were obtained from bamboo sawdust at the use of 20wt% molasse and 
pressure of 70 kg/cm2. The heating value of bamboo briquette reached upto 21.26 MJ/kg, and rubber wood residue 
briquette obtained the slowest burning rate of 2.01 g/min.   
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1. Introduction  
From the rapidly depletion of the petroleum energy resources, alternative energy has gained more 
attentions. Biomass fuels are long term potential sources of renewable energy because of its abundant 
availability and CO2 neutral. Depends on the technology selection, biomass can be utilized as fuel in 
different forms; liquid, gas and solid. Chemical, biochemical, thermochemical and physical processes 
have been interested [1]. The former three methods have the limitation by high investment and complex 
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technology. Most of lignocellulosic agricultural residue is composed of the big molecular and complex 
structure in the form of hemicellulose, cellulose, lignin, extractives and others. So the utilization of these 
materials has a few weak points of low energy density, less heating value, difficulties in transportation 
and storage [2, 3]. Therefore, the physical technology is simply applied on the conversion of these 
materials into alternative fuel.  Thailand is rich in agricultural crops which can be used as the renewable 
energy source. To meet the national energy policy which taking into account the energy demands, 
economic and environmental impact, the agro-residues are the potential energy feedstocks, Briquetting 
process is the most promising way to compress biomass residues into the solid biofuels. However, this 
technology should be cheap, simple and easy maintain. For this work, the hydraulic press machine was 
designed to prepare briquettes, and the fuel properties of solid fuel were investigates. The influences of 
applied pressure and amount of used binder on briquette properties were discussed here.  
2. Methodology 
Bamboo sawdust, eucalyptus sawdust, corn cob and palm fibre were collected from the local area of 
Khon Kaen Province, Thailand. All materials were sundried for 3 days to reduce the moisture content, 
after that they were subjected to size reduction process using hammer mill. The ground materials with the 
particle size less than 5mm were sieved and collected. For the briquetting process, molasse and palm fibre 
was used as the binder and rainforce material.  After grinding, the sieved material was mixed with palm 
fibre at the ratio of 4 to 1, and 15-30%wt of molasse.  Compaction test on the blended samples were 
carried out using the hydraulic press machine (see Fig. 1) with maximum capacity of 100 kg/cm2. A steel 
cylindrical die of dimension 1.2 cm inner diameter, 3.8 cm outer diameter and 4 cm length was used in 
this study. The mixture was fulfilled into each dies, the briquettes were produced under the applied 
pressures of 40, 50, 60 and 70 kg/cm2 at the holding time of 1 minute. The piston was released and the 
removed products were kept for two weeks in the ambient condition before subjected to analysis.   
 
 
Fig. 1. Isometric view of the manual briquetting hydraulic press machine. 
Properties of bulk materials were determined for the percentage of volatile matter, fixed carbon and 
ash content on the dried basis. The volatile matter (ASTM D3175-11) was carried out using the dried 
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sample kept in a furnace at 550oC for 10 minutes.  The ash content (ASTM-E830) of the material was 
determined in a furnace at 750oC for 2 h. The amount of fixed carbon was obtained from weight 
difference. Elemental compositions were estimated using the equations provided in the other study 
[3].The calorific heating value of materials was determined using Gallenkamp Adiabatic Bomb 
Calorimeters. The cylinder was used in the estimation of bulk densities of each biomass species which 
packed inside, dividing the material mass by the known volume of cylinder was calculated. Briquette size 
was measured with a standard vernier caliper. The individual briquette density was determined from 
dividing the mass by the volume of briquette. To determine burning rate, the briquetted were dried at 
105oC and then placed on a steel wire mesh grid resting on the top of a burnsen burner. Burning rate was 
then calculated from the substraction of ignition time from the ashing time as reported [4]. 
 
3. Results and discussion  
Proximate and ultimate analysis on dry basis of biomass residues were done as indicated in Table 1 
and Table 2. To reduce the problems in grinding and energy consumption, the biomass residues were sun-
dried before briquetting process. Volatile matter and fixed carbon content is the amount of organic 
substance and the carbon presented in the material, respectively [5]. Usually, biomass with higher value 
of volatile matter is lower in fixed carbon content. It is also easier for ignition, with more smoky flame 
released because the volatile matter contains combustible gases such as methane and other hydrocarbons 
[5]. Eucalyptus sawdust has a largest percentage of 99.57%, followed by palm fibre, corn cob, rubber 
wood residue and bamboo sawdust each respectively at 99.11, 97.82, 96.17 and 93.44%. The ash content 
is an indicator of slagging behaviors of the biomass during combustion, higher ash content shows greater 
slagging behavior. The low value of ash content might results to the high heating value of material. Also 
higher amount of fixed carbon increases the calorific heating value of biomass. In this study, the heating 
value of bamboo sawdust is higher than the others as shown in Table 1. This means that with the same 
amount of biomass, more energy can be generated. So that bamboo sawdust generated more energy with 
the same amount of other materials. These materials have low density which is not suggested to be used 
as the direct fuel because of low thermal efficiency in combustion. As seen in Table 2, the contents of 
carbon and oxygen of these carbonaceous residues were not much different. The molar ratio of carbon to 
hydrogen and carbon to oxygen was about 0.61-0.63 and 1.28-1.34, respectively.    
Table 1. Proximate analysis (dry basis) of bamboo sawdust, eucalyptus sawdust, rubber wood, corn cob and palm fibre. 
Biomass waste Volatile 
matter (wt%) 
Ash content 
(wt%) 
Fixed carbon 
(wt%) 
Heating value 
(MJ/kg) 
Bulk density 
(kg/m3) 
bamboo sawdust 93.44 0.13 6.43 18.48 280.95 
eucalyptus sawdust 99.57 0.19 0.24 15.69 288.40 
rubber wood residue 96.17 0.17 3.60 16.00 305.54 
corn cob 97.82 0.14 1.41 15.84 157.30 
Palm fibre 99.11 0.22 0.74 15.66 325.65 
 
In this study, briquettes were prepared and their fuel properties were determined. Due to the particle 
size of prepared biomass residues were small to produce the stable briquette, 20wt% of palm fibre was 
mixed before blending with molasse. The produced briquettes have cylindrical shape with one vertical 
holes run through, the average value of hole diameter and outer diameter was about 1.2 cm and 3.8 cm, 
respectively.  Height of holey briquette depends on the bulk density of biomass wastes and the applied 
pressure using in the process. In addition, holes in the briquette could keep the flow of oxygen and control 
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burning with the less smokeless [5]. So its combustion characteristic would be enhanced by the increasing 
the exposed surface area. 
 
Table 2. Ultimate analysis (dry basis) of bamboo sawdust, eucalyptus sawdust, rubber wood, corn cob and palm fibre. 
 
Biomass waste C (wt%) H (wt%) O (wt%) C/H  (molar ratio) C/O (molar ratio) 
bamboo sawdust 46.61 6.13 46.41 0.63 1.34 
eucalyptus sawdust 45.46 6.19 47.47 0.61 1.28 
rubber wood residue 46.05 6.15 46.86 0.62 1.31 
corn cob 45.41 6.14 46.99 0.62 1.29 
Palm fibre 45.57 6.18 47.40 0.61 1.28 
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Fig. 2. (a) Relationship between the applied pressure and the density of briquettes prepared with 15wt% of molasse, 
(b) Relationship between the percentage of molasse and the density of briquettes prepared under 70 kg/cm2. 
 
Fig. 3. Effect of molasse percentage on the heating value of briquette prepared under 70 kg/cm2. 
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To investigate the influence of applied pressure on briquette density, 15 wt% of molasse was used as 
the binder. Fig. 2(a) indicates that the increase of pressure induces the briquette density. Compared to 
briquetting production at the low pressure of 40 kg/cm2, all produced briquettes have gained density about 
1.1-1.3 times when high pressure of 70 kg/cm2 was used. Briquettes prepared from rubber sawdust can be 
easily pressed under every pressure and had the highest density (468.34 kg/cm2) than the others because 
rubber wood residue has high bulk density containing of lipid structure as well. In a meanwhile, corn cob 
gave the most loosen briquette (304.23 kg/cm2) since its low bulk density with mostly fibrous structure. 
Amount of molasse also has vital effected on the briquette density as seen in Fig.2(b), loosen briquettes 
were obtained from using too much proportion of binder even though they were produced under high 
applied pressure of 70 kg/cm2. The satisfied amount of molasse suggested in this study was 20wt% in 
order to give the most densified product from all materials. Density of briquettes prepared from rubber 
sawdust increased to 540.76 kg/cm2, also corn cob briquette had the increasing density of 332.54 kg/cm2. 
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Fig. 4. (a) Effect of applied pressure on the burning rate of briquettes prepared with 20wt% of molasse, and (b) Effect 
of molasse percentage on the burning rate of briquettes prepared under 70 kg/cm2. 
As described before, the calorific heating value is the amount of energy per kg it driven off when 
burnt. And the calorific heating value was clearly influenced by the amount of fixed carbon in each 
material. However, there are various factors that affect the calorific value of the briquette ie. the ambient 
conditions, the compression machine and the amount of inorganic matter in biomass. Normally, the 
calorific heating value can be used as the competitive decision on the fuel potential. The heating value 
analysis can be described in a relationship plot between heating value and percentage of molasse amount 
(see Fig. 3). This result was similar to the report on biomass briquetting of Macrophytes [6]. Although the 
produced briquettes gave higher calorific heating values than of the biomass materials, increasing amount 
of binder decreases the calorific heating value. This is caused by the reduction of combustive components 
in briquette. Bamboo sawdust has the larger heating value than others, so high heating value briquette 
among the group was obtained from mixing 15wt% of molasse with bamboo sawdust which was about 
21.26 MJ/kg. It means more energy can be released from this kind of briquette than of the others. With an 
equal ratio blending, briquette prepared from rubber wood residue obtained the heating value of 19.57 
MJ/kg, followed by the briquette prepared from corn cob and from eucalyptus sawdust of 18.99 and 18.75 
MJ/kg, respectively. After ignition under the heat, briquette was burnt which taking place at the surface 
layer and the burning was continued as the size of briquette gradually decreased. Variation of burning rate 
of briquettes prepared at different applied pressures was presented in Fig. 4(a), same relationship was also 
reported [5]. All briquettes have the same trends of this relationship as the burning rate increase with the 
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increase of applied pressure of briquette production. This may be the increase of density for the higher 
compacted briquette reduces the air voids inside the product, this low porosity briquette will restrict the 
mass and heat transfer during combustion. Therefore, the loose briquette produced at the low applied 
pressure has the higher burning rate. Eucalyptus sawdust-briquette and rubber wood residue-briquette 
have the slightly larger burning rate than the others at the low pressure, but the high compacted briquette 
gave the apparently low burning rate. From these results, applied pressure of 70 kg/cm2 was selected to 
produce the briquettes at different proportions of molasse. Briquette with slower burning rate was given 
by using less molasse as seen in Fig. 4(b). This can be explained that increasing the biomass proportion 
will induce more volatile matter, so longer time of combustion was presented. Briquettes prepared at 70 
kg/cm2 with 20wt% of molasse have the slowest burning time, especially  rubber wood-briquette. This 
might be caused by its high proportion of volatile matter and fixed carbon. 
4. Conclusion 
The optimum briquetting operation to prepare the high densified products by using the invented  
hydraulic press was the applied pressure of 70 kg/cm2 on the mixture of biomass residues containing of 
20wt% palm fibre and 20wt% molasse. From this condition, rubber wood residue gave the high densed 
briquette with density of 540.76 kg/cm2 whereas selection of 15wt% molasse at this pressure for briquette 
production from bamboo sawdust obtained the briquette having the high calorific heating value reached to 
21.26 MJ/kg. Burning rate of produced briquette decreased with the increasing of applied pressure, and 
the use of 20wt% molasse and 70 kg/cm2 gave the briquettes having low value of burning rate. Also this 
condition showed briquette obtained from rubber wood residue has the slowest burning rate of 2.01 
g/min. The study results presented briquettes with high density, high heating value and slow burning rate 
can be produced depends on the material variables and process factors. Therefore, the briquetting process 
with economically, simply and cheap technology should be supported to the rural and small community in 
Thailand.  
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